DD r a f t

Abstract:
During thirty years of unprecedented urbanization, plant diversity in Shenzhen, a young megacity in Southern China, increased dramatically. Although strongly associated with plant diversity, butterfly diversity generally declines with urbanization but has not been investigated in Shenzhen. Considering the speed of urbanization in Shenzhen and the large number of city parks, we investigated butterfly diversity in Shenzhen parks. We measured butterfly species richness in four microhabitats (groves, hedges, flowerbeds and unmanaged areas) across ten parks and examined the relationship with three park variables: i) park age; ii) park size and iii) distance from the central business district. Butterflies were identified based on wing morphology and DNA barcoding. We collected 1933 butterflies belonging to 74 species from six families; 20% of the species were considered rare. Butterfly species richness showed weak negative correlations with park age and distance from the central business district but the positive correlation with park size was statistically significant (p = 0.001). Among microhabitat types, highest species richness was recorded in unmanaged areas. Our findings are consistent with others in suggesting that to promote urban butterfly diversity it is necessary to make parks as large as possible and to set aside areas for limited management. In comparison to neighbouring cities, Shenzhen parks have high butterfly diversity.
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Introduction
China is currently one of the world's fastest urbanizing countries (Schneider et al. 2015) . A prime example of China's rapid urbanization is Shenzhen, one of the component cities of the Pearl River Delta megacity in subtropical Southern China. The location of Shenzhen has been a site of human habitation for a few centuries but designation as a Special Economic Zone in 1979 started a phase of unprecedented urban development. In 34 years, the human population of Shenzhen grew from 300,000 to 10.6 million (UN DESA 2012) and the built-up area increased from 64,625 ha in 1996 to 84,115 ha in 2004 84,115 ha in (Li et al. 2010 . Today, Shenzhen is categorized as a developed, level-one city, with the same status as three other Chinese cities -Beijing, Guangzhou and Shanghai (Ye et al. 2012) . However, in contrast to other cities in China, famous for their pollution, Shenzhen is an "ecological garden city", with half of its total area under a form of environmental protection that prohibits construction (Jim 2009 ). Shenzhen has been awarded the titles "China's Best 10 Cities for Greening", "National Garden City", "Nations in Bloom", "National Greening Pioneer" and was shortlisted in the United Nations Environment Shenzhen has 218 parks and 5,000 ha of scenic forests (van Dijk 2009) . In contrast to the declines in biodiversity generally observed along rural-urban gradients, plant species richness is often higher in urban areas than in rural areas because humans actively manage the plant communities present (Hope et al. 2003; Grimm et al. 2008) . While the number of native plant species in Shanghai fell by 43-53% (Xu et al. 1999; Yang et al. 2002; ) during a period of urban development , in Shenzhen, during a similar period (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) ) the number of plant species increased 406% (from 58 to 294) with an increase in both native and non-native species (Ye et al. 2012 ).
The survival and diversity of butterflies are strongly associated with plant diversity, being affected by the availability of larval host plants, nectar as an energy source for adult butterflies, and diverse vegetation structures (Thomas et al. 2001; Koh and Sodhi 2004; Pywell et al. 2004; Pöyry et al. 2005; Öckinger et al. 2006; Chong et al. 2014) . However, butterflies are sensitive to urbanization and, in contrast to plant diversity, butterfly diversity generally declines along ruralurban gradients (Blair 1999; Öckinger et al. 2009 ). Rome experienced the highest rates of D r a f t extirpation of butterflies, over the city's long history, during a period of urbanization between 1871 and 1930 (Fattorini 2011 . In the San Francisco Bay Area, the extinction of iconic species such as the Xerces blue (Glaucopsyche xerces) by the early 1940s has been attributed to urban development (Connor et al. 2002) . Hesperilla flavescens flavia and Jalmenus lithochroa were extirpated from the city of Adelaide during urbanization in the late twentieth century (New and Sands 2002) .
Considering the unprecedented speed of urban development in Shenzhen, the large number of parks, and the close association between butterfly and plant diversity, we investigated butterfly diversity in Shenzhen city parks. In particular we asked: (1) Does butterfly species richness decrease with park age? (2) Does butterfly species richness increase with the park area? (3) Does butterfly species richness decrease along the rural-urban gradient?
Materials and methods
Study sites
Ten urban parks of various sizes, roughly evenly spread throughout Shenzhen city, managed by the Shenzhen government authorities and open to the public were selected for butterfly sampling ( Fig. 1; Table 1 ). We categorized areas in each park into four microhabitats plots: a) groves; b) hedges; c) flowerbeds; and d) unmanaged areas (Fig. 2) . Based on literature (Chen et al. 2013) , interviews with park managers and Google maps, we recorded the following variables for each park: park age (since year of establishment), total park area, and distance to the central business D r a f t day, butterflies were sampled in the four microhabitat plots with our time equally divided between microhabitat types present (i.e., 45 minutes for each microhabitat type per sampling day). To avoid sampling bias, we rotated the sequence of microhabitat sampling each day (Sing et al. 2016) . The exception was Tanglangshan Suburb Park which consists solely of unmanaged area, therefore, the 180 minutes of sampling per day were spent along a transect spanning the park.
Butterfly identification
All sampled butterflies were brought back to the laboratory and identified based on wing morphology using butterfly guide books (Li and Zhu 1992; Chou 2000) and DNA barcoding (Wilson 2012) . DNA was extracted from a single leg of each sampled butterfly, and the DNA barcode fragment of COI mtDNA amplified and sequenced using the primers LCO1490 and HCO2198 (Folmer et al. 1994) The generated DNA barcodes were assigned Linnaean species names when their BIN included DNA barcodes submitted by other BOLD users with Linnaean species names. In the case of conflicts, i.e., DNA barcodes with different Linnaean species names were found in the same BIN, we used a consensus approach and additionally cross-checked the validity of the names against usage in recent literature. We assigned DNA barcodes belonging to BINs that were new to BOLD (or had no formally named members) genus names (12 DNA barcodes) or family names (6 DNA barcodes) using the BOLD identification engine "Tree Based Identification" option and a strict tree-based criterion (following Wilson et al. 2011) . Ninety butterflies that failed to generate DNA barcodes were assigned Linnaean species or genus names based on their wing morphology.
D r a f t
We obtained information about species rarity from Chan et al. (2011) 's checklist for the butterflies of Hong Kong using a modified classification pooling "Very rare", "Rare" and "Uncommon" under "Rare"; and "Common" and "Very common" under "Common".
Data analysis
The predicted species richness (using individual-based rarefaction and Chao 1) was calculated for each park separately using EstimateS (Colwell et al. 2004) . A Canonical Correspondence Analysis (CCA) was performed with PAleontological STatistics software (PAST; Hammer et al. 2001 ) to determine the similarity of the butterfly assemblages observed in each park and the relative influence of the park age, park area and distance from the central business district on butterfly diversity and on the distribution of individual species. A natural logarithm (ln) transformation was performed to normalize data prior to further analyses. We calculated Pearson correlation coefficients using R 2.6.1 (R Core Team 2004) to identify significant correlations between species richness and park age, park area and distance from the central business district.
One-way ANOVA was used to compare mean species richness between different microhabitat types. We examined the interaction effect of park size and microhabitat type on butterfly species richness using generalized linear models (Poisson distribution, log link function). Models were simplified by forward selection based on AIC (Akaike Information Criterion) values. The model with the lowest AIC value was selected as the most informative model (Fortel et al. 2014) .
Results
In total, we sampled 1,933 individual butterflies from ten urban parks in Shenzhen. 1,843 DNA barcodes (95%) were successfully generated and assigned to 72 BINs. Of these 72 BINs, 9 BINs (13%) were new to BOLD. Two additional species (Faunis eumeus and Limenitis sp.) were recognized on the basis of wing morphology from among the 90 individual butterflies that failed to generate DNA barcodes. Consequently, the total butterfly species recorded was 74 species with 63 species (85%) assigned Linnaean species names. Twenty-nine belonged to the family Nymphalidae, thirteen to Papilionidae, ten to Hesperiidae, ten to Lycaenidae, ten to Pieridae and two to Riodinidae. The most abundant species were Pseudozizeeria maha (810 individuals), Luthrodes pandava (293 individuals), Catopsilia pomona (121 individuals) and Pieris canidia (111 individuals). These four species accounted for 69% of the total individuals sampled. Fiftytwo species (70%) were represented by fewer than 10 sampled individuals and for nineteen D r a f t species (26%) we sampled only a single individual. Catopsilia pomona, Elymnias hypermnestra, Luthrodes pandava and Pseudozizeeria maha were the only species sampled in all ten parks.
Twenty-nine species (39%) were only sampled in a single park. Fifty-seven of the butterfly species sampled in this study and assigned Linnaean species names have been recorded in Hong Kong (Chan et al. 2011) . Of these 57 species, 42 are Common and 15 are Rare (including Lethe chandica only recently known from Hong Kong; Chan et al. 2011 ).
The highest butterfly species richness was observed in Tanglangshan Suburb Park which also had the highest predicted species richness (69, based on the Chao 1 estimator; Table 2 ).
Huanggaong Shuangyong Park, the smallest park, had the lowest species richness with only ten species sampled (Table 2 ). The eigenvalues for the first two axes of the CCA ordinations were 0.316 and 0.189 (Fig. 3) , respectively. The butterfly community in the two largest parks was positively associated with park area (Fig. 3) , whereas, the butterfly community in the youngest park was negatively associated with park age but positively associated with distance to central business district (Fig. 3) . The correlations between species richness and park age (p = 0.859) and distance from the central business district (p = 0.951) were not statistically significant (at p < 0.05; Fig. 4 ). The correlation between species richness and park size was statistically significant (p = 0.001; Fig. 4 ).
Sixteen species were sampled in all four microhabitats (Fig. 5) . Sixty-two species (84% of the 74 species sampled across the entire study) were sampled in the unmanaged microhabitat (Fig. 5) .
Hedges had the second highest species richness with 37 species (50%) followed by groves with 32 species (43%) and flowerbeds with 25 species (34%) (Fig. 5) . Twenty-six species (35% of the 74 total recorded species) were only sampled in the unmanaged microhabitat (Fig. 5) . The difference in the species richness between microhabitats (Fig. 6) was not statistically different (p = 0.285). However, for butterfly species richness the most informative model (GLM) included both park size with microhabitat type (AIC = 201.35; p = 0.000).
Discussion
Of the 74 species sampled in Shenzhen parks, 84% were assigned Linnaean species names based on the current composition of the BOLD reference library. This included species from the families Hesperiidae and Lycaenidae that are difficult to identify using wing morphology (Koh 1,247) . Consequently, most of the DNA barcodes generated for this study were identified based on matches to DNA barcodes from Peninsular Malaysia for which a DNA barcode reference library is available (Wilson et al. 2013) . This study increased the number of DNA barcodes available in BOLD for butterflies from China five-fold.
Butterflies are among the most intensively studied insects, and certainly amongst the most DNA barcoded, with 120,388 records in BOLD. For the vast majority of cases, a priori defined butterfly species can also be delimited unambiguously based on DNA barcodes (Dincă et al. 2011; Wilson et al. 2013; Dincă et al. 2015) . Nevertheless, taxonomic uncertainties during the assembly of reference DNA barcode libraries, challenges the use of DNA barcoding for routine species identification (i.e., the assignment of Linnaean species names to unknown specimens) (Collins and Cruickshank 2012). In our study, one quarter of the total BINs sampled (18 of 72)
were BINs which included DNA barcodes submitted by other BOLD users under multiple Linnaean species names. For example, there were 284 DNA barcodes in the BOLD from the BIN, BOLD:AAA2224; 283 (99.6%) were named Pieris rapae and one Pieris extensa. The single specimen identified as P. extensa (an unpublished GenBank record from Yunnan) in the BIN, BOLD:AAA2224, could be either a misidentification or contamination as P. rapae and P. extensa are morphologically distinguishable "good" species. In these situations, we assigned our DNA barcode the Linnaean species name used for the majority of records, which for this example and most cases (18 in total for our dataset), also corresponded to the name we had assigned our specimens based on wing morphology. We feel the vast majority of such cases are the result of different researchers working on the same taxa, but relying on different literature for morphological identifications (Becker et al. 2011) , rather than cases of "DNA barcode sharing" (Hausmann et al. 2013) . BINs that consist of more than one Linnaean species name can have various causes, from misidentifications or nomenclatural issues, to complex cases (e.g. (1), and Taiwan (1), yet with a maximum intraspecific distance of 1.49%. Although it is possible that DNA barcodes generated in this study will eventually be transferred to different Linnaean species names, which by their nature as scientific hypothesis, are transitory. The data generated for this project (e.g. DNA sequences, images, collection locality) is readily available in raw format for re-analysis, incorporation into a larger dataset, comparisons, and other forms of meta-analysis. This is a major advantage of DNA barcoding approach used, in contrast to typical studies in this field that rely on morphological identification of butterflies "on the wing", with limited metadata provided.
During 30 days of sampling across ten urban parks in Shenzhen, we sampled 1,933 butterflies representing 74 species from six families, demonstrating a young, subtropical, megacity landscape such as Shenzhen can provide suitable habitat for many butterfly species. Although our sampling period was limited, the number of butterfly species collected in our study approached an asymptote and the observed species richness in seven (70%) of the surveyed parks was similar (different by two to six species) to the predicted species richness (Chao 1) suggesting our sampling effort was sufficient to provide some broad insights into diversity patterns across the parks. Furthermore, the total species count is similar to that reported in studies from other Fifty-seven butterfly species that we sampled in Shenzhen parks have also been reported from Hong Kong (Chan et al. 2011) and represent approximately one quarter (24%) of the known butterfly species of Hong Kong (Chan et al. 2011) . Three quarter of these species (74%) were classified as Common. This is similar to the findings from Guangzhou where 70% of the species sampled in urban green spaces were Common (Li et al. 2009 ), and Hong Kong where 79% of the species recorded in urban parks were Common (Tam and Bonebrake 2015) . In contrast, in Kuala Lumpur, Malaysia, 97% of the butterfly species sampled in urban parks were considered common species with good dispersal abilities (Sing et al. 2016 ).
The butterfly species richness in Shenzhen parks showed a positive relationship with park size and the correlation was statistically significant (p = 0.001). Similarly, Giuliano (2004) The butterfly species richness in Shenzhen parks showed a negative relationship with park age and distance to the central business district but the correlations were weak and not statistically significant. Shenzhen urban parks have a narrow range of ages: the oldest, Donghu Park was established 49 years ago, but half of the parks surveyed were established less than 20 years ago. Matteson and Langellotto (2010) found a negative correlation between butterfly species richness and the age of gardens in New York City, a pattern which may be explained by the presence of new food sources and young leaves for butterflies during the early succession process in recently D r a f t disturbed land (McIntyre 2000) . However, the species richness of fruit-feeding nymphalids has been reported to increase with age of secondary forest fragments on Sulawesi, Indonesia, as the temperature and humidity are regulated by the increased canopy density (Veddeler et al. 2005) .
Although several studies have suggested the pattern of species distribution along rural-urban gradients are affected by the surrounding landscape matrix (Öckinger et al. 2009; Lizée et al. 2012; Syaripuddin et al. 2015) , we found no clear association between the park species richness and the distance of the park from the urban core (the central business district) similar to findings in Guangzhou (Li et al. 2009 ) and Kuala Lumpur (Sing et al. 2016) .
Within the studied urban parks, it is likely that both park size and the presence of early successional plants in unmanaged microhabitats contribute to the strongest pattern that we observed, and this interaction was the most informative model. This was supported by the high observed butterfly species richness (41) in Tanglangshan Suburb Park -the largest park and the only park that was comprised solely of the unmanaged microhabitat type. Unmanaged areas, often with a high diversity and quality of (often native) early-successional plants, provide suitable foraging habitat for butterflies (Swanson et al. 2011; Chong et al. 2014) . Alternatively, intensive managed sites, such as those frequently mowed, are reported to sustain low populations and abundance of butterflies due to destruction of potential host plants and foraging patches (Stock et al. 2003; Tam and Bonebrake 2015) . Our study is consistent with others in suggesting that in order to promote urban butterfly diversity it is necessary to make urban parks as large as possible and to set aside area of parks as "unmanaged" or with limited human management (Giuliano 2004) . In those areas where management is necessary, planting native butterfly host and nectar plants is the optimal management strategy (Tam and Bonebrake, 2015) .
Without historical records of butterfly diversity from Shenzhen, we are unable to make a comparison between the current butterfly assemblages and those existing before urbanization.
However, when compared to other Asian cities (Kuala Lumpur -60, Sing et al. 2016; Seoul -31, Lee et al. 2015, Singapore -56, Koh and Sodhi 2004; and neighboring Guangzhou -43, Li et al. 2009; and Hong Kong -58, Tam and Bonebrake 2015) the total butterfly species richness (74) recorded in Shenzhen parks does suggest the "ecological garden city" outlook may have been successful in maintaining butterfly diversity. In particular, the number of rare species was higher Mean butterfly species richness observed at four microhabitats across the ten Shenzhen urban parks (no statistically significant difference between microhabitats at p = 0.285). 172x135mm (300 x 300 DPI)
